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Background: Competence in quality improvement (QI) is a priority for medical students. We describe a
self-directed QI skills curriculum for medical students in a 1-year longitudinal integrated third-year clerkship:
an ideal context to learn and practice QI.
Methods: Two groups of four students identified a quality gap, described existing efforts to address the gap,
made quantifying measures, and proposed a QI intervention. The program was assessed with knowledge and
attitude surveys and a validated tool for rating trainee QI proposals. Reaction to the curriculum was assessed
by survey and focus group.
Results: Knowledge of QI concepts did not improve (mean knowledge score9SD): pre: 5.991.5 vs. post:
6.691.3, p0.20. There were significant improvements in attitudes (mean topic attitude score9SD) toward
the value of QI (pre: 9.991.8 vs. post: 12.691.9, p0.03) and confidence in QI skills (pre: 13.492.8 vs. post:
16.193.0, p0.05). Proposals lacked sufficient analysis of interventions and evaluation plans. Reaction
was mixed, including appreciation for the experience and frustration with finding appropriate mentorship.
Conclusion: Clinical-year students were able to conduct a self-directed QI project. Lack of improvement in
QI knowledge suggests that self-directed learning in this domain may be insufficient without targeted
didactics. Higher order skills such as developing measurement plans would benefit from explicit instruction
and mentorship. Lessons from this experience will allow educators to better target QI curricula to medical
students in the clinical years.
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R
ecent papers have called for the reform of medical
education to emphasize better the ‘development
of skills, behaviors, and attitudes needed by
practicing physicians’, especially regarding healthcare
quality and systems theory (1). Increasingly, medical
school deans (2), medical students (3), national leaders
in medical education (4), and leaders in health policy (5)
are calling for quality improvement (QI) to be an
educational priority. Despite this enthusiasm, under-
graduate medical education has failed to incorporate QI
adequately into required or elective curricula; in 2010,
only 29% of graduating medical students felt that they
had received adequate instruction in QI (6).
Experiential learning integrated into clinical practice
is felt to be the most effective means of teaching QI
skills (7). While QI curricula in undergraduate education
have been previously described (811), descriptions of
curricula integrated with clerkship experiences remain
sparse (1214).
Longitudinal clerkships, in which students spend pro-
longed periods of time working and learning across
specialties in one healthcare system, offer students many
opportunities to identify systems deficiencies amenable to
QI interventions. We took advantage of the implementa-
tion of a year-long longitudinal integrated clerkship (15)
at our institution to pilot an innovative QI curriculum. We
used a literature-based framework to define appropriate
QI competencies for third-year medical students (16).
Self-directed learning was emphasized as the foundation
for how students will approach new problems throughout
their careers, as well as to optimize the use of the limited
time allotted for formal didactics (17).
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In this paper, we describe the development, implemen-
tation, and assessment of a self-directed, experiential
QI curriculum for third-year medical students. We
provide narrative descriptions of the students’ work and
suggest key lessons to inform future clinically based
medical student QI curricula, both in traditional and
longitudinal clerkships.
Methods
Development process
In 2007, the University of California, San Francisco
School of Medicine (UCSF SOM) piloted a 1-year
longitudinal integrated third-year clerkship: the Parnas-
sus Integrated Student Clinical Experiences program
(PISCES) (15). In longitudinal integrated clerkships,
students complete their clinical rotations at a single
site over an extended period of time. This approach
fosters patient-centeredness and promotes a more holistic
approach to healthcare (18, 19). By remaining in a
single site, students benefit from being integrated into
that healthcare system (19, 20); they become immersed
in the logistics and systems that may need improvement.
Furthermore, students have a prolonged duration to
develop QI projects in the context of their clinical
responsibilities. Hence, the PISCES program provides
an opportune setting for implementing a new QI
curriculum.
To meet the need for education in the competencies
of systems-based practice and practice-based learning
for this group, a PISCES faculty member (KH) and
a student ‘curriculum ambassador’ (DL) developed a
QI curriculum. Three themes emerged from a literature
review on key principles in undergraduate QI educa-
tion. First, experiential activities are most effective in
teaching QI (1113, 16, 2124). Second, students value
the opportunity to have creative input in their experi-
ential QI work (10, 11). Finally, QI is best taught as
an integrated component of existing clinical experiences,
rather than as an isolated course (12).
We developed an experience-based, self-directed QI
curriculum, using the Ogrinc et al. framework of QI
competencies to develop specific learning objectives for
third-year medical students (16). Our curriculum was
developed in an iterative fashion starting in 20072008.
In the first 2 years of the program, which focused on the
feasibility of the curriculum, we required that students
enrolled in the longitudinal clerkship develop a QI
proposal. We identified faculty willing to advise students
and established that students were logistically capable of
meeting the minimal requirements. In this report, we
describe our findings from the 20092010 academic year,
during which we made pre- and post- measurements of
knowledge, skills, and attitudes compared to a control
group and formally evaluated final QI proposals using
an expert panel and a validated tool.
Curriculum overview
The curriculum objectives were anchored with develop-
mentally appropriate learning objectives as derived from
the framework described by Ogrinc et al. (16). Specifi-
cally, we set the expectation that third-year medical
students would demonstrate competence in developing
a QI intervention. The implementation and assessment
of interventions are beyond the expected skill level of
an ‘advanced beginner’ in this schema. Thus, students
were required to present a QI proposal that included
evidence of their efforts to (1) analyze a process of care
for a healthcare quality gap of their own choosing,
(2) make initial measurements quantifying the gap, and
(3) recommend changes to close the gap. To identify a
quality gap, students were asked to reflect on their clinical
experiences to date and identify situations in which a
patient received care that was not optimal. The curricu-
lum director (SM) provided guidance for these steps.
To avoid overburdening an already full faculty and
student schedule, as well as to emphasize the practice-
based learning skills that students will need throughout
their careers, we established a curricular structure that
included key components of self-directed learning (17).
Rather than relying on didactics, we emphasized the role
of the educator as the facilitator, to help students identify
learning needs specific to their identified QI gap and to
develop learning objectives and identify appropriate
resources to meet their needs. Specific milestones with
structured ‘check-ins’ were prescheduled throughout the
academic year.
Implementation
The UCSF Committee on Human Research approved
the study. In the 20092010 academic year, a pre-
intervention survey of knowledge and attitudes about
QI was administered to all participating students. The
curriculum director presented an hour-long lecture to
orient students to the structure and objectives of the
curriculum and introduce the basics of QI science. The QI
science content of the lecture emphasized the importance
of making structure, process, and outcome measurements
to determine the efficacy of an intervention. Of the
16 students in the PISCES program, eight were pre-
assigned the QI curriculum and predivided into two
groups of four. The other eight students were assigned
to an outpatient community-based project (not part of
this paper).
After each QI group identified a healthcare quality
gap, the curriculum director helped focus students on
specific measurable gaps relating to the theme they chose,
discouraging the pursuit of gaps requiring analysis
of health metrics not readily available to the students.
David Stern Levitt et al.
2
(page number not for citation purpose)
Citation: Med Educ Online 2012, 17: 18391 - http://dx.doi.org/10.3402/meo.v17i0.18391
As the students’ projects developed, the curriculum
director facilitated establishment of a mentorship rela-
tionship between groups and faculty with expertise in the
chosen quality gap. Mentors had not been recruited until
this point in order to match students with mentors with
relevant expertise.
During two scheduled and three ad-hoc meetings,
the students in each group updated the curriculum
director on the progress of their efforts and received
guidance for focusing their next steps. Fig. 1 illustrates
the timeline of the curriculum, including milestones
marking the achievement of specific objectives, ‘check-
ins’ and the final 15-min presentation of each groups’
QI proposal.
Measurements
We measured educational outcomes within the frame-
work of knowledge, skills, and attitudes. QI skills were
evaluated using a validated tool for assessing trainee QI
proposals (25). Knowledge and attitudes were assessed
at the beginning and end of the curriculum using a
survey developed for this experience. We also measured
students’ reaction to the curriculum through survey
questions and a focus group.
Knowledge
Our knowledge assessment reflected the self-directed
nature of the curriculum  we expected each group to
learn practical lessons. We, therefore, asked students to
define two basic concepts that we anticipated all partici-
pating students would have learned after a year-long
QI project: ‘CQI’ (continuous quality improvement) and
‘PDSA’ (plan-do-study-act). In addition, based on the
assumption that clinical year medical students should
be able to ‘identify outcome and process measures
appropriate for a clinical problem,’ (16) nine questions
were developed in which an assessment measure was
listed and students were asked to define the measure
as structure, process, or outcome. See Appendix.
Skills
Skill assessment was determined by evaluation of the
final presentations. Four UCSF faculty experts in QI
education evaluated the presentations using the validated
Quality Improvement Proposal Assessment Tool-7
(QIPAT-7) that was originally designed for the evaluation
of residents’ QI proposals (25). It defines seven domains
(definition of the problem, identification of key stake-
holders, evidence of root cause analysis, choice of QI
project, potential interventions, proposed interven-
tions, and implementation/evaluation of the interven-
tion). Each domain is rated from 1 (needs improvement)
to 5 (exceeds expectations). Evaluators underwent a
30-min training session to standardize the use of the tool.
Attitude
For the attitude assessment, 12 questions regarding
confidence in competence in QI were informed by prior
reports of evaluation of QI curricula (26, 27). In addition
to confidence in skills, we developed three additional
domains of attitude designed to assess the effect of
our curriculum: students’ perceptions of how highly QI
work is valued by providers and institutions, the ability
of QI projects to improve care provision, and the role
of physicians in QI. Questions addressed these themes
using a 5-point Likert scale (1strongly disagree, 5
strongly agree). See Appendix.
Reaction
At the end of the academic year, a student focus
group conducted on behalf of the PISCES leadership
by faculty who were not involved in the QI assignment
included one question on students’ experience in the QI
curriculum. The authors were provided with an anon-
ymized, transcribed summary of the students’ responses.
In addition to the focus group comments, nine Likert-
scale questions and five open-ended questions assessing
satisfaction with the curriculum were included in the
post-assignment survey.
Fig. 1. Timeline for Quality Improvement Curriculum.
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Statistical analysis
For the knowledge questions, paired t-tests were per-
formed on the aggregated scores pre- and postcurriculum
(1correct; 0incorrect). For the skill assessment,
scores in each domain reported by the four expert
panelists were averaged, and standard deviations were
calculated. For the attitude questions, Likert scale
responses from 1 to 5 were summed in each predefined
domain to create topic scores for each respondent in the
pre- and post- periods. Paired t-tests were then performed
to obtain p values. All analyses were performed in
SAS (version 9.2, Cary, NC).
Results
Synopses of student projects
Group 1
Based on their early clinical experiences, group 1 explored
the ‘inadequacy of pain control at the end of life’ as the
healthcare quality gap of interest. They initially struggled
to define the quality gap and considered characterizing
the problem as the lack of palliative care consultation
for terminally ill patients, inadequate nurse-physician
communication around pain, or infrequent use of the
pain control service by the primary team. The group
met with physicians as well as nurses who care for
patients at the end of life. It proved difficult for them
to find a single mentor who could devote sufficient time
to guide the project, and the group relied on ‘consulta-
tions’ with multiple faculty.
Ultimately, the group focused on nursing documenta-
tion around pain control and created a chart review tool
to analyze adequacy of pain control for patients at the
end of life. Chart review using this tool led to what
they described as their major finding: the documentation
of pain control in the medical record can result in
a confusing data overload, which is not interpretable to
providers. Based on this discovery, they proposed that
a more easily interpretable score, similar to the common
APGAR score used for evaluating newborns, would
allow for better interpretation and tracking of adequacy
of pain control. However, their proposed intervention
was not precisely defined, nor did it include specific,
measurable, and timely goals, as was required by the
curriculum.
Group 2
Based on their clinical experiences, group 2 became
interested in preventable causes of delirium. After
exploring targetable causes of delirium, they determined
that ‘inappropriate urinary catheter (UC) use’ was a
healthcare quality gap that was modifiable by a QI
intervention. This group identified a mentor early in the
year: the medical director of a small, non-teaching
inpatient service, who remained actively engaged for the
duration of the project. Group members met with the
mentor in person three times and exchanged emails on
average twice a month throughout the project.
This group initially hypothesized that clinicians would
be unaware of whether their patients had indwelling
UCs. Using the 20-bed non-teaching hospitalist service
at our institution as a model, they first determined
which patients had UCs and subsequently surveyed the
responsible hospitalist for awareness of whether their
patients had UCs. They found that few hospitalists
were unaware that their patients had UCs; a survey of
residents on the traditional teaching service had the same
finding. They adjusted their focus to survey residents
to measure their awareness of proper indications for UC
placement and consequently recommended an educa-
tional intervention to disseminate guideline-based recom-
mendations for UC placement. While this group’s
intervention was more developed than the other group’s
intervention, they also did not define specific, measur-
able, and timely goals for outcomes targeted by their
proposed intervention.
Educational outcomes
Our knowledge measures did not show any significant
improvement from pre- to post- assignment [(mean knowl-
edge score out of 11 items9SD) pre: 5.8891.46 vs.
post: 6.6391.3, p0.20]. In terms of skill assessment,
both groups achieved competence in several of the
curricular objectives. Both groups completed literature
reviews analyzing the extent of the gap, made efforts to
understand previous local work to address the problem,
and successfully identified relevant stakeholders. Both
groups achieved these milestones within the required
deadlines.
Evaluation of the final presentations showed some
common shortcomings in QI skills. Most notably, both
groups demonstrated inadequate analysis of the potential
interventions before determining a specific intervention
and struggled to define specific, measurable, and timely
goals for their proposed interventions. The evaluation
scores of student presentations using the QIPAT-7 are
shown in Table 1.
In terms of attitudes, students’ confidence in their
QI skills increased significantly at the end of the year.
They had significantly increased perception of how highly
QI projects are valued by healthcare providers. There was
a non-significant increase in perception of the importance
of QI projects in improving care systems and the
importance of the role of QI efforts in a physician’s
practice (Table 2).
Reaction to curriculum
The focus group revealed that two students found the
experience to be helpful in translating thoughts into
concrete action. The majority of students would have
David Stern Levitt et al.
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liked the timeline shortened, with more concrete goals
built in. Comments in the open response section of
the postassignment survey showed that students wanted
greater ‘protected time’ to work on this assignment.
Finally, students felt that it would be beneficial to have
had increased guidance from mentors and project leaders.
Representative comments from the focus group and
survey are presented in Table 3.
Discussion
We piloted a QI curriculum in a year-long longitudinal
integrated clerkship for third-year medical students that
was based on actual clinical experiences, allowed students
to select a QI gap, and required self-directed learning
to meet specific competencies. While students were able
to meet most of the targeted competencies, higher order
skills such as establishing timely and measurable goals
for a proposed intervention were lacking. Students
showed increased confidence in their ability to perform
QI as well as improved perceptions of value of QI for
individuals and institutions. However, measurements of
QI knowledge did not show improvement over the course
of the year  a deficiency of either our assessment tools or
the curriculum.
Four major lessons emerged from this experiment.
First, the project was feasible. Assessment of student
final presentations demonstrated appropriateness of the
majority of preselected competencies: groups were able
to identify and quantify a quality gap based on observa-
tions from their own clinical experiences, complete
literature reviews to analyze the extent of the gap, make
efforts to understand previous local work to address the
problem, and identify relevant stakeholders. They accom-
plished these objectives in the context of busy clerkship
schedules, demonstrating that these are achievable goals
for clinical year medical students.
Table 1. Skill assessment
Group 1: mean
(SD) scores
Group 2: mean
(SD) scores
Definition of the problem 3.5 (0.58) 4.00 (1.41)
Identification of
stakeholders
3.75 (0.96) 3.25 (1.50)
Evidence of root cause
analysis
4.25 (0.96) 3.75 (0.50)
Choice of QI project 3.75 (0.96) 4.00 (0.00)
Potential interventions 2.75 (0.50) 3.75 (0.50)
Proposed intervention 4.00 (0.82) 4.00 (0.00)
Implementation and
evaluation of the intervention
3.33 (0.58)* 3.5 (0.58)
Assessment of QI skills based on QI proposal presentations.
Scores for each group from four expert faculty evaluations using
the QIPAT-7, where 1needs improvement, 24meets expec-
tations, 5exceeds expectations.
*Only three data points for this item.
Table 2. Attitude assessment
Pre- mean topic score* (SD) Post- mean topic score* (SD) p value
Topic 1: Perception of value of QI projects
(questions 13)
9.9 (1.8) 12.6 (1.9) 0.03
Topic 2: Importance of QI projects in improving care systems
(questions 46)
11.0 (1.4) 12.3 (1.5) 0.12
Topic 3: Importance of QI efforts in a physician’s practice
(questions 7 and 8)
7.0 (1.3) 8.0 (1.7) 0.07
Topic 4: Students’ confidence in their own QI skills
(questions 912)
13.4 (2.8) 16.1 (3.0) 0.05
Student attitudes towards aspects of quality improvement before and after the curriculum, shown as topic scores* for each of four
domains.
*Student responses on a 5-point Likert scale, where 1strongly disagree, 2disagree, 3neutral, 4agree, 5strongly agree. We
compiled ‘‘topic scores’’ to summarize attitude in each topic. For topics 1, 2, 3, and 4, the maximum scores were 15, 15, 10, and 20,
respectively.
Table 3. Learner reaction
‘It was difficult to find a mentor who would commit’
‘It was very frustrating to try and find our own project, to have to
work in a group we didn’t choose and to have to find our own
mentor . . .. it should be a project that is already started that we
can have a defined role in, that way we can have a determined
goal and something we can accomplish’.
‘We didn’t have a mentor for much of the project which was
difficult. So many faculty said they were too over-scheduled to be
mentors so maybe in the future having a specific mentor picked
out and encouraging students to do a project in their area would
be better’.
Representative comments from post-curriculum survey.
Innovative QI education for medical students
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Second, we learned that students did not perform
well in our knowledge assessment, suggesting that knowl-
edge objectives should be explicitly taught with the
aid of scheduled instructional sessions throughout the
curriculum. We experimented with a curricular model
that emphasized self-directed learning. However, basic
concepts that we believed would have easily emerged
through ongoing involvement with a QI project were not
demonstrated by our measures. Supplementing the single
introductory lecture with additional didactics may have
filled this gap.
Third, we discovered that early establishment of
project specific mentorship is essential. The success of
QI curricula at other levels can be attributed to motivated
faculty mentorship (19, 28). We had anticipated that
requiring students to select projects based on their own
experiences would result in greater motivation and self-
directed learning. However, implementing this strategy
revealed that even with the extensive QI expertise
available at our institution, it can be difficult for students
to find faculty willing to devote the time needed
to actively mentor a group on a de novo project. The
experience of group 1, who had difficulty finding a
mentor, was diminished in comparison to the second
group who had an actively engaged expert mentor for
the majority of the project. Thus, we conclude that
students should either join ongoing projects that approx-
imate their interests or find a mentor who can commit
to their project early in the academic year.
Finally, students struggled with the higher order com-
petencies (such as identification of appropriate process
and outcome measures, ability to recommend changes
in clinical processes) required of ‘advanced beginners’ as
defined by Ogrinc et al. (16) and would have benefited
from explicit instruction and mentorship to help them
develop clear project goals as well a plan for evaluating
the impact of their proposed intervention. For example,
despite the consistent emphasis on measurable outcomes
that was reinforced throughout the year, students found
it difficult to define clear improvement goals and mea-
sures by which to gauge the success of their proposed
interventions (see Table 1). Increased focused didactics,
more frequent and specific feedback, and consistent
mentorship could address this finding.
This pilot study has several limitations. First, the
sample size was necessarily small, given the predeter-
mined size of the longitudinal clerkship. Second, our
measurements of knowledge and attitudes were devel-
oped for the purposes of our curriculum, and thus
not independently validated. Finally, the curriculum
was piloted in a longitudinal integrated clerkship in
which students are immersed in a single healthcare
system and instilled with a longitudinal, patient-centered
perspective. Piloting the curriculum in this setting,
which remains rare in most medical schools, limits the
generalizability of our conclusions. Despite this limita-
tion, we feel that the lessons we learned may be largely
applicable for self-directed and experiential QI educa-
tional efforts for clinical year students. This curriculum
may be applicable for any clerkship student who spends
a significant continuous period of time within a single
system, even with a traditional clerkship structure.
Since the IOM’s reports on safety and quality 10 years
ago, the need for physicians to be competent in quality
improvement has emerged as a major area of focus in
medical education (1, 5, 29). In response to this need, we
developed a self-directed, experiential QI curriculum for
third-year medical students in which they gain experience
in systems-based practice and subsequently value the
important role of physicians in QI efforts. We share four
major lessons from this effort: clinical-year medical
students are able to conduct a self-directed QI project,
mentorship is vital, self-directed learning in this domain
may be insufficient without targeted didactics or other
pedagogical strategies, and higher level skills such as
the measurement of efficacy of interventions would
benefit from explicit instruction and consistent mentor-
ship. As the focus on systems-based practice in under-
graduate medical education increases, lessons learned
from our pilot curriculum can allow educators teaching
QI to better target developmentally appropriate compe-
tencies in clinical-year medical students.
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Appendix: Pre- and post- curriculum knowledge
and attitude questionnaire
Please indicate the degree to which you agree with
the following statements, using the following scale:
1strongly disagree, 2disagree, 3neutral, 4agree,
5strongly agree
What does the PDSA stand for? ____________________
What does CQI stand for? __________________________
For each of the following, please indicate whether the
quality measure refers to:
SStructure, PProcess, OOutcome (circle one)
Existence of an Electronic Medical Record. S P O
Time Out is required before each operation. S P O
Percentage of patients with prior MI on beta-blockers. S P O
Percentage of patients over 65 who have received the
pneumovax vaccine.
S P O
Number of patients who have received smoking cessation
counseling.
S P O
Patient satisfaction with their care. S P O
Hospital readmission-rate. S P O
30 day mortality rate. S P O
Existence of Computerized Physician Order Entry. S P O
Non-MD healthcare providers highly value QI projects. 1 2 3 4 5
Physicians highly value QI projects. 1 2 3 4 5
Hospital management/managers highly value QI
projects.
1 2 3 4 5
QI projects are important for improving patient care. 1 2 3 4 5
QI projects are important for improving patient
satisfaction.
1 2 3 4 5
QI projects are important for improving hospital
reimbursement.
1 2 3 4 5
Physicians play an important role in a hospital’s
quality improvement efforts.
1 2 3 4 5
Leading quality improvement efforts is a part of being
a practicing physician.
1 2 3 4 5
I am likely to be involved in QI projects in the future. 1 2 3 4 5
I am confident in my ability to identify a QI need. 1 2 3 4 5
I am confident in my ability to identify stakeholders
after a QI need has been identified.
1 2 3 4 5
I am confident in my ability to develop a QI project. 1 2 3 4 5
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